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Summary 

A new a-Man/Glc binding lectin, designated BanLec, was isolated from banana (Musa acuminata) fruits by 
Koshte etal (1990). The extensive study by Peumans et al (2000) indicated that the lectin is present in the pulp of 
ripe fruits, and related to that from plantain {Musa spp). Goldstein and coworkers (2001) found unexpectedly that 
this lectin binds not only branched a-mannan and glucan but also linear a-glucans, such as nigeran and elsinan by 
recognizing their internal 1,3-glucosidic linkages. It also appeared that BanLec binds to some 0-6-branched p-glucans. 
In the present study the lectin was newly isolated by affinity column of a-13-glucan or branched Auricularia p-glu- 
can.; the lectin was dimer of 14 kDa protein. The binding capability of BanLec was confirmed by use of the leclin- 
conjugated affinity column. Among various linear a-glucans, nigeran (1,3/1,6) and elsinan (1.3/1,4), but pullulan 
(1,6/1,4) was not able to bind. Interestingly BanLec was found to recognize Agaricus P-l,6-glucan, and other p-1.6-glu- 
cans, e.g., pustulan and Gyrophora glucan. but not p-l,3-glucans, such as curdlan. Thus, the banana lectin was proved 
to be a unique lectin, recognizing the specific internal linkages of a- and P-glucan& 

^'r:mM:^^^-^ivfzm^l- ^ ^ y h \^X\±mm^^-^(r)a-G\c/U2.n^mWi-t > i~ ^'^') >A (ConA) i)HXm,m^J: 

Koshte^ (1990) {±, ^^-fi- (Musa acuminata) ^^(Dhomogenztei)'^ y ^ • fJ^^^t^^-t^U^-^y 
(BanLec) ^Sephadex column =l:Mv^T^g| L:^wo ^1 0 > 13kDa^7)®fiOZ:fift:-e t V (DlgGAlZ^^-f 

Peumans^ (2000)^^ ti, :i<DU^^ymtm:l^f^^<±±(D-^^(D/^)U-ftpiz:^:^-f:^;^ ^co^m^^ 
mannose-affinity column a- ^ ^ y ^ i/ K-Celutel-^ CI ^ tC>Ko T 15kDa<7)®aoz:»#:-eab-i) ^ 



*m^M:±'M^^t^5-n~10 (=r574-0011) 
**Blri£ilk : #Fl1?K#E#4CffiT6-2-23 (=r 658-0001) 
: iailr^M^-J£4-698-l (=r 582-8582) 
****m^M : Ann Abor. MI 48109-0606. USA. 



-28- 



Trance Nutrients Researth23:28-38 
(2006) 



Listeriaovata<Dm'A-^'^i^MLfzU^^><Dt^i}-{Zl±a-^>i-><Dmm^^ 

Peumans ^coW^^C^l/^TGoldstein h (2001)^' tiBanLec^SII*§^#^tt<7)W^^lT-o f^^^ ^ftJtP$ElSi3 J: 

lulantltiS-^LJ^V^i ftnlStC a~ i,3-Sf^^'^1-^rtM^nigeran^elsi^ (a- 1.3/1.4)^ 4* if 2: ^^i"^ 

^<i^i-(o\^^^>^^^fit^u^^>am±i:i^^fzz2.^-^ikmmmm'&^i^<^^ 

h *>$^^i-^pTt6tt35^^^^»^^a5L/::(7)r% mtzKBanLec^ if> K^i-^affnity column chromstog- 

BanLec<7)-»BI*ifi mm^J:^<i"f' (650 g) ^^L, 50 mM<7)PBS (pH 6.5) fJ'T', mmmmW (25''Cm. mnt^^^^ 
^^^-X^^nxr-Mi^L, ai'fl£=£rS-t^ai^, ±mizo,smm(r>m^^m^fzo ikmL.fzm&m^^a-h3^)V:^ > 
(Streptococcus IIRT t Ttii^:^ ^ p- 1.6/1.3 ^MLfzU 

^^>^0.2 M a-Me-mannnoside t /::(±, 25 mM diaminopropane (DAP, pH 11) -Celute ^-^i:, ^Wi:Sephacryl S- 
200^^):* ^ A-CffiML/:: (J|ZM% 25mg)o ffi^l/^^^tiS^acfiSStCi^i- (MkDa^Odimer) T-*>ofc (Fig. Do 



Peeled fresh fruits (655g) 

j homogenized (0.06M PBS) 

Cheese doth 

. 1 . 



Residure Juice 

(starch) Cenlrifugation 

(1 0x103 r.p.m. 25nnin) 



Supernatant 



0.8 sat. (NHJ2SO4 



Protein Fr. 



Affinity column* 

25mM DAP 

0.2M or-Me-mannoside 

Lectin fraction 

Dialysis 



Sephacryl S-200 
I 

Purified lectin (25mg) 




St: protein mariners 
A*:ban-lec 

{A auricula ^glucan column) 
B*: t>an-lec 

( a 1,3-glucan column) 



SDS PAGE of Ban-iec 
on 15%SPU gel 



Fig. 1 Fractionation and purification of Banana lectin (Banl^c). 
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Fig, 4 Quantitative precipitation curves of eisinan with BanLec and ConA (Note; ref. 5). 
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Fig. 5 Elution profiles of some pob'saccharides fi-om BanLec affinity column 

A: yeast mannan, B: puilulan. C: schizophyllan, DiAgaricus p-1.6-glucan E: elsinan 
Each 0.5-1 mg of glycan was applied on BanLec column (1 x 5,5 cm); after not- 
retaining fraction was removed with PBS, then the retaining glycan was elutcd 
with 25 mM DAP. 



0.3 




^OH 



OH OH 



Fig. 6 Elution profile of BanLec (1.5 mg) from 
curdlan column (0.6 x 5 cm) 
Most lectin was eluted with 50 mM PBS. 
and minor fraction was eluted with 100 
mM a-Me-mannoside. 



Volume mt <0.85 mi/tube) 
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Fig. 7 Agaricus blazei P-1.6-glucan and gentio-oligomers formed by p-l,6-glucanase action. 
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A unique mannose-binding lectin, highly specific for 
terminal Man(al,3)Man groups, was isolated from bulbs 
of csrocus (Crocus vernus All.). The lectin failed to bind to 
a mannose afCinity column and was purified by simple 
gel permeation chromatography (Sephacryl S200). The 
purified lectin, obtained in ciystalline form, had a mo- 
lecular mass of 44 kDa on gel filtration and showed a 
sii^le peptide band with a molecular mass of 11 kDa on 
SDS-polya<srylamide gel electrophoresis, indicating it to 
be a tetrameric protein composed of four identic^ sub- 
units. The N-terminal amino acid sequenc^e analysis of 
the crocus lectin showed essentially no homology with 
that of other mannose-binding bulb lectins. The crocus 
lectin selectively interacted with the wild typ^ Saccha- 
romyces cerevisiae and other mannans carrying termi- 
nal Man(o!l,3)Man but not with those lacking this disac- 
charide unit. In hapten inhibition studies, methyl a- 
mannopyranoside did not inhibit the mannan-lectin 
interaction. Of various a-mannooligosaccharides, those 
having the Man(afl,3)Man sequence showed the highest 
inhibitory potency, confirming the strict requirement of 
lectin for terminal al,3-linked mannosyhnannose units. 
An affinity column of immobilized lectin enabled the 
complete resolution of yeast mannan and glycogen. The 
immobilized lectin may provide a useful tool for purifi- 
cation and analysis of biologically important polysac- 
charides and glycoproteins. 



Since the first report on a yeast mannan-binding lectin from 
bulbs of tulip, Tulipa generiana (1), several kinds of a-man- 
nose-binding lectins have been studied in our laboratory, 
mostly &om bulbs of the family AmarylUdaceae, such as Ga- 
lanthus nivalis (snow drop; GNA)^ (2, 3), Hippeastrum hybrid 
(amaryllis). Narcissus pseudonarcissus (dafTodil) (4), Sternber- 
gia lutea (5), and Allium sativum (garlic) (6), which belongs to 
the Lilaceae family. A similar lectin was also isolated £rom 
leaves of Listera ovata (twayblade) (7). These lectins are dis- 
tinct firom hitherto known maimose/glucose-binding lectins, 
such as concanavalin A and other legume lectins, in their strict 
requirement for the axial C-2 hydrosyl group of oc-D-mannopy- 
ranose. Our detailed studies of the carbohydrate binding spec- 
ificity of these lectins have indicated some differences with 
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Grant GM 29470 (to I. J. G.). The costs of publication of this article were 
defrayed in part by the payment of page charges. This article must 
therefore be hereby marked "advertisement" in accordance with 18 
U.S.C. Section 1734 solely to indicate this fact. 

§ To whom correspondence should be addressed. Tel. and Fax: 
81-797-22-8076. 

' The abbreviations used are: GNA, snowdrop G. nivalis lectin; CVA, 
C. vernus lectin; DAP, diaminopropane; PBS, phosphate-buffered sa- 
line; PAGE, poly acryl amide gel electrophoresis; HPLC, high perform- 
ance liquid chromatograph(y). 



regard to the location of maimosidic linkages at the terminal 
and/or internal position in the carbohydrate chain. For in- 
stance, GNA recognizes terminal Man(al,3)Man (3) and also 
certain internal linkages (8). Similarly, L. ovata lectin can 
recognize the internal sequence of a(l,3)-linked mannosidic 
linkages (7). In a survey of new plant lectins we found that the 
bulbs of Crocus vernus All., belonging to the family Iridaceae, 
accumulates a very unique mannose-binding lectin with a very 
strict requirement for terminal a-l,3-mannosyl mannose units. 
This lectin, designated CVA, agglutinates rabbit but not hu- 
man erythrocytes and does not appear to have homology with 
hitherto known mannose-binding lectins in its sequence of N- 
terminal amino acids. 

This paper reports the purification, characterization, and 
detailed binding specificity of the crocus lectin, as revealed by 
interactions with a series of structurally defined yeast man- 
nans, haptenic inhibition studies using a series of synthetic 
branched manno-trisacchaxides, substituted at 0-3 or 0-6 of 
the a-mannose units. The application of the immobilized lectin 
for the selective fractionation of mannans and plant glycopro- 
teins is also described. 

EXPERIMENTAL PROCEDURES 

Isolation of CVA — CJVA was isolated from the crude extract of bulbs 
of spring flcwering crocus. The peeled bulbs of C. vernus AIL (160 g, 
water content 72%), cultivated in Niigata prefecture, Japan, in October 
1994, were homogenized with 10 mM phosphate-buffered saline (PBS, 
pH 6.8) containing 0.1 m (NH4)2S04 solution overnight at 10 **C, and the 
PBS extract was centiifuged. To the supernatant of the extract was 
added (NH4)2S04 to 30% saturation, and the precipitate was collected, 
dialyzed against distilled water, and lyophilized (220 mg). Because CVA 
was not retained on a mannose-agarose (Sigma) column normally used 
for the isolation of most mannose-binding lectins, subsequent purifica- 
tion was carried out by gel filtration chromatography. The crude lectin 
(100 mg) obtained by (NH4)2S04 precipitation was dissolved in a min- 
imum volume of PBS and applied onto a Sephacryl S200 (Pharmacia 
Biotech Inc.) column (2.5 X 200 cm) equilibrated with PBS; elution was 
conducted with the same buffer. The protein peak(s) was monitored by 
absorption at 280 nm, and the lectin activity was tested by a precipi- 
tation reaction with Saccharomyces cerevisiae mannan. The lectin-con- 
taining fractions were collected and dialyzed against distilled water, 
concentrated, and lyophilized (yield, 65 mg). 

CVA Affinity Column— To purified <JVA (15 mg) dissolved in 100 mM 
phosphate buffer (pH 8.0) containing 0.5 M NaC^ (2 ml) was added 700 
mg of AF-Tresyl Toyopearl 650 (Toso Co.) in 5 ml of the same buffer. The 
mixture was shaken gently for 6 h at 25 "C and kept for a further 4 h at 
10 "C according to the technical specification. The reaction product was 
filtered and washed with 100 mM phosphate buffer (pH 6.8) in 0.5 M 
NaCl, and the free tresyl-groups were blocked with 100 mM Tris-HCl 
buffer (pH 8.0) for 1 h at 25 *C. Determination of protein in the washing 
solution indicated approximately 70% of the lectin was conjugated to 
the Toyopearls. 

For afGnifr^ chromatographic resolution of mannans and other poly- 
saccharides or glycoproteins, each mannan or glycoprotein (1 mg) was 
applied to the CVA-toyopearl column (0.5 X 5 cm) and eluted at 5 "C, 
first with PBS, and then with 20 mM diaminopropane (DAP). Elution 
was monitored by measuring absorption at 280 nm (protein) or deter- 
mdnation of mannose at 490 nm by the phenol-sulfuric acid method (9) 
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in a znicFOScale system consisting of 100 //.I of sample solution, 150 /U of 
5% phenol, and 750 jul of concentrated HgSO^. When necessaxy, the 
glycan (glycoconjugate) eluted with DAP was collected, immediately 
dialyzed against water, and lyophilized. 

Polysacchxirides and Glycoproteins — The mannan of wild type S. 
cerevisiae^ designated normal yeast mannan, was purified in our labo- 
ratory firom the cell walls of bakers' yeast, as was sake yeast Kyoukai 
number 7. This mannan, isolated from the mechanically disintegrated 
cell walls, was further purified by digestion with glucoamylase to re- 
move contaminating glycogen (10). Among various structurally differ- 
ent yeast mannans, the mannan of 4488 strain (mn 1 mutant) lacks 
Q;-l,3-mannosyl linkages (11), the mannan of Candida albicans NIH 
B-792 strain contains both terminal and internal aMan(l,3)Man link- 
ages, and the Candida parapsilosis JFO 1396 strain lacks terminal but 
contains internal a-l,3-linkages (12). Q:-l,2-Mannosidase-treated man- 
nan was a gift from Dr. T. Nakajima, Tohoku University. 

Elsinan, a exocellular glucan of Elsinoe leucospilaf was available 
tcom a previous study (13). Dextian B-1355-S was a gift of Dr. A. Jeans 
(Peoria, XL). Lama bean lectin and Phaseolus vulgaris lectin were avail- 
able in our laboratory. 

OZi^osfltcc^arides— All the monosacharides and their methyl or p- 
nitrophenyl glycosides were purchased commercially or were available 
in our laboratories. Man(Q:l,3)Man, Man(al,3)Man-Q;-OMe, and 
Man(al,6)Man-a-OMe were purchased from Sigma. Man(Q!l,2)Man-o£- 
OMe, Man(al,6)[Man(al,3)]Man-a-OMe, and Man(fl(l,6)IMan(al,3)]- 
Man(al,6)[Man(Qrl,3)]Maa-a-OMe were purchased from Pfanstiel Lab- 
oratories Inc. Man(al,3)[Gal(al,6)]Man-a-OMe, Man(al,3)[Glc(«l,6)]- 
Man-a-OMe, and Man(al,6)[Glc(al,3)]Man-a-OMe Man(al,6)[Gal- 
(cKl,3)lMan-a-OMe were available at our laboratoiy (University of 
Michigan). Gal(al,3)ManOMe (14) and Manae(l,3)Glc (15) were synthe- 
sized in our laboratoiy. 

Molecular Mass Determination — The molecular mass of the purified 
CJVA was estimated by gel filtration chromatography using Sephacryl 
S200 column (1.5 X 120 cm) equilibrated with 100 mM PBS (pH 6.8). 
The column was calibrated with thyroglobiilin (670 kDa), gamma glob- 
ulin (158 kDa), bovine serum albumin (66.2 kDa), ovalbumin (44 kDa), 
myoglobin (17.5 kDa), and cobalamin (1.3 kDa); CVA (1.2 mg) was 
applied to tihe column and eluted with the same buffer, each 1.0-ml 
fraction being assayed for protein by determining absorbance at 280 nm. 

Polyacrylamide Gel Electrophoresis (PAGE) — ^PAGE was conducted 
with an ATTO Mini-Slab electrophoresis, model AE-6000, using a pre- 
cast 15% sulfate-polyacrylamide gel (SPU-15S) for molecular range, 
1-6 X 10^, or 12.5% sulfete-polyacrylamide gel (NPU-15L; 1.4-8 X 
10*), in the presence (reduced PAGE) or the absence of 2-mercaptoeth- 
anol (native PAGE). Protein bands were visuaHzed by Coomassie Bril- 
liant Blue R-250 staining. Molecular mass markers were low range 
protein markers (Promega) containing carbonic anhydrase (31 kDa), 
soybean trypsin inhibitor (20.4 kDa), myoglobin (16.9 kDa), lysozyme 
(14.4 kDa), and CNBr-cleaved myoglobin (8.1, 6.2, and 2.5 kDa), and 
also a molecular standard protein kit (Pharmacia). 

Periodate Modification of Mannan and Oligosacckaride — S. cerevi- 
siae mannan (10 mg in 1 ml) was oxidized with 50 mM sodium periodate 
at 10 ''C for 5 days. After decomposition of the excess periodate with 
ethylene glycol, the oxidized mannan was reduced with sodium boro- 
hydride at 25 **C for 3 h, the excess borohydride was decomposed by 
stirring with Amberlite IE, 120 (H ' -form), the product was dialyzed, 
and the oxidized-reduced mannan in the nondialyzable was lyophilized. 
An ahquot of Man(al-3)ManOMe was also subjected to periodate oxi- 
dation and reduction, and the product was purified by passage through 
an Econo-pack 10 DG (Bio-Rad). 

Quantitative Precipitation and Hapten Inhibition — Quantitative pre- 
cipitation reactions were conducted essentially by the method of So and 
Goldstein (16). Varying amounts of polysaccharides or glycoproteins in 
microcentriftigal tubes were interacted with 20—25 /ig of CVA, each in 
a total volume of 150 fd of 50 mM PBS (pH 6.8). After incubation at 
35 °C for 1 h, the reaction mixture was kept at 5 "C for 48 h, centad- 
fiiged, and analyzed for protein in the precipitate by the micro Lowry 
method (17). For hapten inhibition studies, varying amounts of hap- 
tenic saccharides were added to the reaction mixture containing 20 jLtg 
of CVA and 20 /Ltg ofS. cerevisiae native mannan in a total volume of 150 
/i.1. Protein in the precipitates of the reaction mixtures was determined 
using bovine serum albumin as standard, and the inhibition ratios were 
calculated. 

pH Profile of Precipitation Reaction — ^A point on the yeast mannan 
(S. cerevisiae)-CVA precipitation curve was selected, and the amoimt of 
protein precipitated was determined at several pH values. Present in 
the reaction mixtinre were CVA (27 fujg) and mannan (22 fig) in a total 
of 150 fjX of 50 mM buffer of the following composition: glydne-HCl (pH 




Fig. 1. Czystalline iectm from CL vemus bulbs. 

2.0-3.5); acetate (pH 4.0-5.5); phosphate (pH 6.0-8.3), and glycine- 
NaOH (pH 8.5-10.4). 

Amino Acid Analysis — The purified lectin (40 /ig) transferred onto 
pol3rvinyHdene difluoride memlDrane was hydrolyzed with 6 M HCl for 
21 h at 110 "C. Amino acid analysis was performed with a Shimazu high 
performance liquid chromatograph (HPLC) LC-IOA. 

N-terminal Amino Acid Sequence Analysis — Amino acid sequencing 
analysis was canded out on an ABI 4473 (automated sequencer) at the 
Protein Structure FadHty of the University of Michigan Medical School. 
The subunit (11 kDa) of CVA on SDS-PAGE was transferred onto a 
polyvinylidene difluoride membrane and was digested with Asp-N or 
Lys-C for 18 h at 37 "C. The endoproteiaase digestion products were 
subjected to reverse phase HPLC, elution being monitored by A^^ 
Amino acid sequence analysis of the peptide fractions was carried out as 
described above. 

RESULTS 

Purification of CVA— A preliminary study showed that the 
PBS extract of C. vemus bulbs, which agglutinated rabbit 
erythrocjrfces, interacted with yeast mannan but not with a- 
glucans, e.g. glycogen, dextran, etc., suggesting that it con- 
tained an a-mannose-speciflc lectin. The lectin in the crude 
protein extract was precipitated with 30% saturated 
(NH4)2S04. Interestingly, however, the lectin was not retained 
on a mannose column that had been used for the isolation of 
most a-mannose-bindrng lectins. Therefore, the crude lectin 
fraction obtained by (NH4)2S04 precipitation was applied to a 
Sephaciyl S200 column (2.5 X 200 cm). Elution with 10 mM 
PBS indicated the presence of a single, symmetrical protein 
peak that interacted with S. cerevisiae mannan. It was rechro- 
matographed on the saime column, concentrated, dialyzed 
against distilled water, and lyophilized. Thus, this simple gel 
filtration procedure afforded the lectin (CVA) in a pure state; 
for example, 100 mg of the crude lectin extract yielded 67 mg of 
pure lectin. 

The above purified CVA crystaUized spontaneously in the 
form of needles or pillars when its concentrated aqueous solu- 
tion (approximately 10 mg in 200 pX of water) was stored at 
5 *'C for several weeks (Fig. 1). 

Purified CVA gave a molecular mass of 44,000 Da as esti- 
mated by gel filtration on a Sephacryl S200 column, which was 
calibrated with standard proteins (Fig. 2). Upon SDS-PAGE, 
the piuified lectin gave a single polj^peptide band of 11,000— 
11,500 Da both in the absence and the presence of 2% ^- 
mercaptoethanol. Figs. 2 and 3 show the gel filtration profile 
and the results of SDS-polyacryamide gel electrophoresis. 
These results indicate CVA to consist of four identical subunits 
with no intersubunit disulfide bonds. 

Chemical Characteristics of CVA— As noted above, the puri- 
fied CVA, obtained as crystals, is a protein composed of four 
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Fraction number (0.85nii/tube) 

Fig. 2. Gel filtration of CVA on Sephacryl S200. The column 
(1.5 X 120 cm) was loaded with 2 mg of the purified lectin and eluted 
with 0.05 M PBS (pH 6.8). The molecular mass standards were thyro- 
globulin (670 kDa) (A); gamma globulin (158 kDa) (B); bovine serum 
albumin (66.2 kDa) (C); ovalbumin (45 kDa) (D); myoglobin (17 kDa) 
(E); and vitamin B,2 (^- Fractions of 0.85 ml were collected, and 
proteins were assayed by absorbance at 280 nm. 



31.0 kDa 



Table I 

Comparison in amino add compositions of lectins of CVA and GNA 



Amino add 




CVA 


GNA 




moZ % 


Residues 1 subunit 


mol % 


Asx 


22.0 


22 


15.4 


Thr 


5.9 


6 


7.5 


Ser 


7.3 


7 


10.5 


vtJX 


O.O 


q 


7 9 


Pro 


3.5 


4 


4.1 


Gly 


9!o 


9 


12^0 


Ala 


6.2 


6 


3.5 


Cys 


2.0 


3 


1.7 


He 


3.2 


3 


5.4 


Leu 


7.6 


8 


8.9 


Tyr 


2.8 


3 


5.0 


Phe 


2.9 


3 


2.1 


His 


2.8 


3 


1.0 


Lys 


2.3 


3 


4.2 


Arg 


4.5 


4 


3.5 


Val 


7.1 


7 


4.8 


Met 


2.4 


3 


0.0 






(Total 102) 




Molecular mass 


44,000 




50,000 


Subunit mass 


11 kDa 




12 kDa 



Table II 

Comparison of partial N-terminal amino acid sequence of CVA and 
two Anruuyllidaceae lectins, GNA and SLA 





1 5 10 15 20 25 


CVA 


NX PQVRNVLFSSQVMYDNAQLATR 




1 5 10 15 20 25 


GNA 


DN I LYSGETLSTGEFLN YGS FVFVPIM 




1 5 10 15 20 25 


SLA- 


DNYLYSGETLFSGQPLNYGNYRF IM 



* SLA, S. lutea lectin. 




Fig. 3. SDS-poIyacrylamide gel electrophoresis of purified 
CVA. Left and right lanes, standards: carbonic anhydrase (31 kDa); 
soybean trypsin inhibitor (21.5 kDa); myoglobulin (16.9 kDa); lysozyme 
(14.4 kDa); and CNBr-cleaved myoglobin (8.1-6.2 kDa). Lane 1, native 
CVA. Lane 2, CVA in the presence of j3-mercaptoethanol. 

subunits of a single polypeptide with a molecular mass of 
11,000 Da; it is devoid of carbohydrate, similar to other rnaji- 
nose-binding lectins of Amaryllidaceae bulbs. CVA contains 
essentially no metals (metal analysis showed only 0.04% of 
metal cations, thought to be Ca"*"^). 

The amino acid composition of CVA appeared somewhat 
similar to that of GNA, the mannose-binding lectins of the 
Amaryllidaceae family, as shown in Table I. The CVA molecule 
was estimated to consist of 410 amino acid residues. The lectin 
contains high proportions of asparagine/aspartic acid, glycine 
and leucine, like those found in GNA (2). It is also interesting 
that CVA contains a small proportion of methionine that is 
absent in GNA. The molecular mass (44,071-44,139 Da, calcu- 
lated £rom the amino acid data) was consistent with the appar- 
ent molecular mass of 44,000 Da obtained by gel permeation 
chromatography. Therefore, assuming that the subunit mass is 
11 kDa, the CVA molecule must contain four identical single 
peptide chains, each consisting of 102 amino acid residues. 

The N-terminal amino acid sequencing analysis of CVA pro- 



vided a partial N-terminal amino acid sequence. Table II indi- 
cates that the molecular structure of CVA is strikingly different 
from the hitherto characterized mannose-binding lectins of 
Amaryllidaceae; the N-terminal sequence of 24 amino acids of 
CVA indicated that its homology with GNA is only 8.3%, whereas 
the S. lutea lectin possesses 76% homology with GNA (7). 

Interactions of CVA with Polysaccharides and Glycopro- 
teins — ^Preliminary precipitation studies showed that CVA in- 
teracts to form a precipitate with the mannan of ordinary yeast 
(S. cerevisiae) and some plant glycoproteins, such as lima bean 
lectin (18) and P. vulgaris lectin (19), but not with of-D-glucans 
(glycogen, dextran, etc.), ovalbumin, and ovomucoid. To ascer- 
tain the mannosyl linkage specificity of CVA, structurally dif- 
ferent yeast mannstns whose repeating unit structures have 
been well established (Fig. 4, 1-V) were examined by quantita- 
tive precipitation. As shown in Fig. 5. CVA strongly precipi- 
tated normal types of yeast mannans, i.e., bakers' yeast (jS. 
cerevisiae) and S. cerevisiae Kyoiikai number 7 maiman, both 
having essentially the same branched structure (Fig. 4, 7), but 
dextran 1355S, having numerous al.S-glucosidic linkages (20), 
did not react. Elsinan, a fungal linear a-l, 3/1,4 glucan (15) 
reacted only sHghtly, as in the case of GNA (3), indicating that 
CVA specifically recognizes the a-mannosyl configiuration. In- 
terestingly, CVA does not interact vdth. maimans that are 
devoid of Man(Q:l,3)Man units at their nonreducing termini 
(Fig. 4). Fig. 6 shows precipitation curves of CVA with tiiese 
structurally different mannans, i.e., the normal yeast mannan 
of S. cerevisiae and other mannans, Including enzymatically 
a-l,2-mannose-deleted S. cerevisiae maiman (Fig. 4, TV), C. 
albicans B-792 mannan, which contains branched a-l,3-man- 
nosyl termini (Fig. 4, V), the a-l,3-mannose-deficient mannan 
of S. cerevisiae 4484 mutant strain (Fig. 4, III), and C. parap- 
silosis 1396 mannan (Fig. 4, 77) containing internal (l,3)-linked 
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Fig. 4. Repeating unit structure of 
various yeast mannans used for in- 
teraction with C^A. 
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Polysaccharide added Cug) 

Fig. 5. Quantitative precipitation curves between CVA and 
'formal" yeast mannans (see Fig. 4) and oi-D-glucans. Shown are 
m arm an of Sf. (xrevisia& (bakers' yeast, #); ■ S. cerevisiae sake (Sake 
yeast, ■); Leuconostoc mesenteroides 1355S dextran (O); and Elsinan of 
E. leucospila (A). Varying amounts of polysaccharides were incubated 
with 35 ixg of CJVA in a volume of 150 /a1, and the amount of protein 
precipitated in each tube was determined by the Lowxy method (17). 

mannose residues not adjacent to their termini. Among these 
mannans it is striking that mannan /// (Fig. 4), deficient in 
terminal a-Man(l,3)Man, did not interact with CJVA. On the 
contrary, under the same conditions, GNA and the S. lutea 
lectin gave appreciable precipitation with III (data not shown). 
The recognition of a-Man(l,3)Man by CVA is confined to the 




Mannan added (ug) 

Fig. 6. Quantitative precipitation curves of CVA and structure 
ally different yeast mannans (see Fig. 4, /-V). S. cerevisiae (1); O, 
NaI04 and NaBH4-treated /; A, C. parapapslosis 1936 (ID; A, S. cerevi- 
siae 4484 mutant (III); ■, enzymically generated terminal (al,2)Man- 
deleted S. cerevisiae mannan (IV); C. albican B-792 manan (V). 

terminal position, because C. parapsilosis 1396 mannan (Fig. 4, 
ID, which contains internal residues, did not react. The perio- 
date-oxidized and borohydride-reduced S. cerevisiae mannan 
was no longer reactive with CVA, even though the intact or 
(l,3)-mannose units are present adjacent to the modified end 
groups (Fig. 6). These quantitative precipitation reactions con- 
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Concentration of Mannosaccharide (mM) 

Fig. 7. Hapten inhibitioii of the CVA S, cerevisiae mannan 
precipitation system (see text and Table HI). O, Man(al,3)Man-at- 
OMe; A, ManE(al,6)[Man(al,3)]Man-aOMe; O, Man(al,6)[Man(al,3)]- 
Man(al,6) IMan(al,3)]Man-a-OMe; A, Man(al,3)[Glc(al,6)]Man-a-OMe; 
A, Man(al,3)[Gal(al,6)] Man-a-OMe; H, Man(al,6)[Gal(al,3)]Man-ot- 
OMe; Man(al,6)[Glc(tJKl,3)]Man-tt-OMe; Q, Maii(o;l,6)Man-at-OM^ 
0, Man(al,3)Glc; X. Gal(al,3)ManaOMe; Man(al,2)Man-a-OMe; S, 
ManoOMe. 

firmed that CVA possesses a unique, highly specific binding 
specificity with regard to its at-l,3-mannosyl linlrages and their 
localization. Due to its highly selective binding property, CVA 
was not retained on the mannose column, as described in the 
purification procedure. 

Inhibition of Precipitation Reaction by Haptenic Mannosac- 
charides — ^To confirm the binding specificity of CVA, detailed 
inhibition studies were conducted using the precipitation sys- 
tem of CVA with the S, cerevisiae mannan under maximum 
precipitating conditions. Mannose, glucose, and other monosac- 
charides showed no inhibition. Methyl a-mannopyranoside, 
known as one of the best inhibitors for most mannose-specific 
lectins, was found to be a very poor inhibitor; it does not inhibit 
up to 30 mM, and at 100 mM gave only 20% inhibition. This 
result is consistent with the fact that CVA does not bind to 
single a-mannosyl end groups of any branched maiman. Inhi- 
bition of a series of linear and branched mannosaccharides 
were compared. The inhibition curves of these oKgosaccharides 
are depicted in Fig. 7 and in Table II, in which the percentage 
of inhibition of the oligosaccharides at various concentrations 
are compared. Some oligosaccharides exhibited very poor inhi- 
bition and are not presented at 50% inhibition concentrations. 
According to the inhibition curves of mannooHgosaccharides, 
they may be divided into several groups (Fig. 7). The best 
inhibitor group includes those having the Man(al,3)Man se- 
quence, such as, Man(al,3)Man-Q!-OMe, the branched trisac- 
charides, i.e., Man(al,6)EMan(Q:l,3)]Man-a-OMe, and Man- 
(al,6)[Man(al,3)]Man(Qfl,6) [Man(al,3)] Man-a-OMe. These all 
gave very similar inhibition curves with 50% inhibition at 
approximately 0.07 mM concentrations. The second best inhib- 
itors are branched trisaccharides, i.e. Man(a;l,3)[Glc(Q£l,6)] 
Man-a-OMe and Man(Q!l,3)[GaI(al,6)]Man-Q:-OMe, both also 
containing the sequence of Man(al,3)Man. They gave 50% in- 
hibition at 0.3 mM. The oligosaccharides belonging to the third 
group exhibited 30% inhibition at approximately 1 mM; they 
include Man(al,6)Man-a-OMe and those having a£(l,3)glucosyl 
or a(l,3) galactosyl branches, Le. Man(Qrl,6)[Glc(al,3)lMan-a- 
OMe and Man(al.6)[Gal(al.3)]Man-a-OMe. Man(a:l,2)Man-a- 
IMe was much less active. It must be noted that both 
Man(o;l,3)Glc and Gal(al,3)MancKOMe are not active inhibi- 
tors, indicating that binding to CTVA must involve recognition of 
the terminal Man(Q!l,3)Man disacdiaride unit. In connection 
with these findings, when Man(al,3)Man-a-OMe, a most po- 
tent inhibitor, was periodate-oxidized and reduced, the result- 
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Fig. 8. Effect of pH on the precipitation reaction between CVA 
and S. cerevisiae mannan. Each microcentnfage tube contained CVA 
(27 /ig) and mannan (22 fig) in a total volume of 150 /xl of 50 mM buffer. 
See ''EbEperimental Procedures" for buffer composition. 

ing terminally modified a-l,3-mannosaccharide was no longer 
active, supporting this unique binding specificity of CVA. 

The pH Profile of the Manan S, cerevisiae CVA Precipitation 
Reaction— The pH profile of the precipitation reaction fi-om pH 
2 to 10 is depicted in Fig. 8. A plateau of constant protein 
precipitation was demonstrated over the pH range 4.5—7.5. 

Binding Characteristics of CVA Affinity Column — An aliquot 
of CVA was conjugated to AF-tresyl Toyopearl 650 (binding 
efficiency, 70%), and its binding capacity for polysaccharides 
smd plant glycoproteins carrying o:-l,3-mannosyl ends was in- 
vestigated. As anticipated, normal yeast mannan of S. cerevi- 
siae bound strongly to the CVA column and was eluted by weak 
alkali, such as 20 mM DAP, whereas the msinnan of the 4484 
mutant was not bound (Fig. 9, A and B). C. parapslosis 1936 
mannan also was not bound. As glycogen passed through the 
column unretarded, complete resolution of the mannan and 
glycogen in the yeast cell can be made (Fig. 9C), as previously 
reported for the L. ovata lectin affinity column (7). Some gly- 
coproteins are known to contain high mannose-type carbohy- 
drate chains. Among them are lima bean lectin (P. lunatus) and 
Tora bean lectin {P. vulgaris), both of which contain q!-1,3- 
maimosyl end group(s) in their glycan structures (18, 19). As 
shown in Fig. 10, they could also bind to the CVA af&nity 
column and were readily eluted with dilute DAP. 

DISCUSSION 

C. vernus, the spring flowering crocus, belongs to the family 
Iridaceae. It originated in middle Europe and was brought to 
Japan one hundred years ago. We found that its PBS extract 
precipitated bakers' yeast mannan but did not strongly agglu- 
tinate yeast cells, compared with concanavalin A and GNA. 
Furthermore, unlike ordinary glucose/mannose and other man- 
nose-binding lectins, this lectin (CVA) did not bind to a man- 
nose affinity colimm. Nevertheless, it was purified by succes- 
sive (NH4)2S04 precipitation and gel chromatography (yield, 
145 mg/160 g bulbs). 

The purified lectin, which crystallized spontaneously, is a 
carbohydrate-firee protein (mass = 44,000 Da) composed of four 
identical peptide chEuns of about 100 amino acid residues; there 
was no evidence of disulfide interchain bonds. It was somewhat 
surprising that its N-terminal amino add sequence of 24 resi- 
dues showed essentially no homology with GNA and other 
Amaryllidaceae mannose-specific lectins (Table II), although 
its molecular size and amino acid composition are very similar 
to those of GNA and other bulb lectins (Table I). These results 
strongly suggest that the molecular structure of the CVA car- 
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Fraction number (1 ml/tube) 

Fig. 9. EHution profile of & cerevisiae mannan (A), C. parapsil- 
losis 1396 mannan (B), and mannan and glycogen (1:1 mixture) 
of S. cerevisiae {€). Each polysaccharide (1 mg) was applied to CVA- 
Toyopearl column (5 ml). After elution with 0.05 M PBS, the polysac- 
charide retained on the colunm was eluted with 20 mM DAP, as indi- 
cated by the arrows. Carbohydrate was monitored by the phenol- 
suIfurLc acid method at 490 nm. 



bohydrate-binding sites must be different fromAmaryllidticeae 
bulb lectins. 

The precipitation reactions of CVA with various types of 
yeast cell wall mannans showed that this lectin possesses an 
unusual, very strict binding specificity. It reacted only with the 
mannsins having terminal a-l,3-mannosyl groups, such as nor- 
mal yeast mannan (Fig. 4, /), the mannan lacking ac-l,2-linked 
terminal mannose units (Fig. 4, /V), and C. albicans B-792 
mannan (Fig. 4, V). However, it did not react with other types 
of mannans, such as those lacking a-l,3-linkage at its terminal 
ends or localized at internal positions, as in the case of the 4484 
mutant mannan and of C. parapilosis 1396 (Fig. 4, /// and ID; 
these mannans contain nonr educing, terminal £K-l,2-linked 
maxmose residues. 

The pH profile of the yeast mannan (S. cerevisiae) precipita- 
tion reaction indicates that the reaction is maximum over the 
pH range 4.5-7.5. It is possible that acidic residue(s) are in- 
volved in the carbohydrate-binding site of CVA inasmuch as 
the ascending portion of the pH profile (pfiT = —3.5-4.0) is in 
the titration range of and -y-carboxyl groups of Asp and Glu. 
Acidic amino acid residues have been identified in many lectin- 
binding sites including the snowdrop lectin (22). 

Detailed inhibition studies were conducted using the normal 
S. cerevisiae mannan-CVA precipitation system with various 
maimobioses and branched tri- and pentasaccharides contain- 
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Fig. 10. Elution profile of some plant glycoproteins by CVA- 
Toyopearl column. A, lima bean lectin. B, Tora bean (P. vulgtais) 
lectin. Protein was assayed at 280 nm. 

Table HI 

Inhibition by mannosaccharides of S. cerevisiae mannan precipitation 
with CVA 



Mannoaaccharide 


Concentration 


Inhibition 




mm 


% 


ManoOMe 


30 


0 




40 


7.4 




100 


21.5 


p-NP-oMan 


6 


2.5 




15 


5.0 


Man(al,3)ManaOMe 


0.05 


32.7 


0.1 


50.9 




0.2 


72.2 




1.6 


98.0 


Oxidized, reduced-Man(cxl,3)Mana!OMe 


1.0 


10.0 


Man(al,6)Man-a-OMe 


2,0 


33.0 




3.0 


36.4 


Man(al,2)ManaOMe 


6.0 


8.5 




16.0 


16.6 


Man(al,3)Glc 


2.0 


2.0 




4.0 


7.5 


Gal(al,3)ManaOMe 


(No inhibition 


at 10 mM) 


ocMane 
Man(al,3) ManoOMe 






0.1 


52.5 


0.5 


79.9 




1.0 


87.2 


MaQ(al,3) ManaOMe 






0.5 


74.5 


1.0 


83.5 


oGalg 
Man(cKl ,3)MancxOMe 






0.5 


63.6 




1.0 


85.3 


oMang Mans 
Man(al,3)Man(l,6)MancxOMe 






0.1 


49.0 



ing a-1,3- and/or a-l,6-terminal mannosyl group(s). The results 
clearly indicate that only those having a-l,3-mannosidic ter- 
mini, either linear or branched, exhibited strong inhibitory 
activity. Thus, Man(al,3)Man-Q;-OMe, Man(al,3)[Man(a!l,6)]- 
Man-o-OMe, and Man(al,6)[Man(al,3)]Man(al,6) [Man(al,3)]- 
Man-a-OMe were the best inhibitors. When the nonredudng 
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terminal mannose group is periodate-modified, its original ac- 
tivity is destroyed. This group of oligosaccharides was 4.5 times 
more active than a-1,3 mannobiose substituted at the 0-6 
position of the "reducing" mannosyl group with a glycosyl group 
other than an a-maimosyl group, e.g. Man(al,3)[Glc(Q:l,6)]- 
Man-a-OMe and Man(al,3)[Gal(al,6)]Man-a-OMe. These re- 
sults suggests that a glycosyl substituent at the 0-6 position of 
the reducing a-mannosyl residue is tolerated by the CVA-bind- 
ing sites. The a-l,6-linked mannosybnannose unit, with or 
without an O-3-glucosyl or galactosyl branch were much less 
active. Man(al,3)Glc and Gal(Q;l,3)ManaOMe were very poor 
inhibitors, slightly more active than methyl a-mannoside, 
which showed no inhibition at a concentration of 30 mM (Table 
ni). Thus, these hapten inhibition studies clearly confirm that 
terminal al,3-linked mannosyl mannose units are required for 
binding to the lectin. 

Our previous study indicated that GNA of the Amarylli- 
daceae family, also has a high affinity for terminal Man(al,3)- 
Man units (3), but the binding specificity of GNA appears more 
broad than CVA, because GNA is also able to recognize internal 
(1,3/1,6) mannose units (8, 21), and it precipitated periodate- 
modified S. cerevisiae mannan as well as the 4484 mutant 
maiman (data not shown). 

Recently the three-dimensional structure of GNA was eluci- 
dated 2uad its binding site for a-methyl mannoside in each 
monomer was identified (22). With regard to molecular struc- 
ture, CVA also is a tetrameric protein with similar molecular 
size £ind amino acid composition as that of GNA. CVA is rich in 
Asn, Leu, and Gly, like GNA, but the N-terminal amino acid 
sequence is completely different. Therefore, it will be of great 
interest to compare the three-dimensional structure of the two 
lectins. We have succeeded in crystallizing CVA, and its crys- 
tallographic x-ray structure is in progress. 

The biological role of plant lectins is not fully imderstood and 
remains the subject of current debate, although their role as a 
host defender against animals, fungi, bacteria, or virus is an 
attractive hypothesis (23). Apart from such a biological role, the 
aforementioned unique binding specificity of CVA prompted us 
to prepare the corresponding immobilized lectin and to study 
its application to the affinity chromatographic analysis of po- 
lysaccharides and glycoproteins. The normal mannan of S. 
cerevisiae was strongly bound to the column, but a-glucans, e.g, 
glycogen, starch, etc., and also certain yeast mannans geneti- 
cally deficient in terminal a-l,3-mannosyl groups readily 
passed through the column. Some plant glycoproteins, for in- 



stance, lima bean lectin and P. vulgaris lectin, which contain 
5% carbohydrate chains carrying two a-l,3-mannosyl terminal 
groups, were retained on CVA column and were eluted with 
dilute DAP (Fig. 9); elution with methyl a-mannoside was 
unsuccessful. From these examples, it may be anticipated that 
immobilized CVA may provide a useful probe for selective 
fractionation of biologically important glycans and glycopro- 
teins containing Man(al,3)Man termini. 
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The carbohydrate-binding specificity of an a-D-mannose-specific lectin isolated from leaves of 
the orchid twayblade (Listera ovata) was elucidated by quantitative precipitation of mannose-con- 
taining polysaccharides and glycoproteins, hapten inhibition, and affinity chromatography on the 
immobilized lectin. L. ovata agglutinin (LOA) interacted with various a-mannans and galactoman- 
nans of yeasts, fungi and bacteria, but not with a-glucans, e.g., dextran and glycogen, as do mannose/ 
glucose-binding lectins. This lectin, LOA, appears to be highly specific for g:1-3 mannosidic link- 
ages. It reacted with a linear al-3-mannan (D. P. 15) and, surprisingly, even with a linear al-3- 
mannoheptasaccharide. The LOA/C tmpicalis mannan precipitation reaction was inhibited by a- 
linked mannooligosaccharides, in the order, ttl-3 > al-6 > al-2 linkages; al-3 [Man]4 and [Manls 
were the best inhibitors among various mannooligosaccharides tested, having 7-times greater po- 
tency than «l-3 [Man]2, and 18-times that of methyl a-mannosidc. LOA/mannan interaction was 
also inhibited by periodate-oxidized and reduced al-3 [Manls which had an inhibitory potency 
similar to that of al-3 [Manjs, confirming that LOA also recognizes the internal al-3 -mannosidic 
linkages of carbohydrate chains. 

Complete resolution of mannan and glycogen from yeast cells, by affinity chromatography on 
an immobilized LOA column, and retention of several high-mannose-glycoproteins suggest this 
lectin to be a useful tool for purification and strucmral investigation of a-mannosyl-containing 
polysaccharides and glycoconjugates. 



A series of a-D-mannosyl-specific lectins present in the 
bulbs of monocotyledonous plants has been reported by our 
laboratory [1—6]. The snowdrop {Galanthus nivalis, GNA), 
daffodil (Narcissus pseudonarcissus, NPA), amaryllis {Hip- 
peastrum hybr, HHA), garlic (Allium sativum, ASA), ram- 
sons (Allium ursinum, AUA) and other related lectins are 
carbohydrate-binding proteins that are clearly different from 
the well-known mannose/glucose-binding lectins, such as 
concanavahn A and lectins from pea, lentil and Vica faba 
seeds [7], present in leguminous plants, in that they interact 
strongly with a-mannans and certain galactomannans of 
yeasts and fungi, but not with glycogen, amylopectin, dextran 
and other a-glucans. 

The orchid twayblade (L. ovata) leaves accumulate a lec- 
tin (L. ovaUi agglutinin, LOA) which does not agglutinate 

Correspondence to 1. 3. Goldstein, Department of Biological 
Chemistry, University of Michigan, Ann Arbor, Michigan 48109, 
USA 

Abbreviations. ASA, Allium sativum agglutinin ; AUA, Allium 
ursinum agglutinin; GNA, Galanthus nivalis agglutinin; HHA, Hip- 
peastrum hybr. agglutinin; LBA, Phaseolus lunatus agglutinin; 
LOA, Listera ovata agglutinin; NPA, Narcissus pseudonarcissus ag- 
glutinin; PHA, Phaseolus vulgaris agglutinin; Me-a-D-Manp, 
methyl a-D-mannopyranoside. 



human erythrocytes. LOA is a dimeric protein composed of 
two subunits of 12500; it is the first lectin to be isolated 
from a species of the family Orchidaceae, and exhibits exclu- 
sive specificity towards D-mannose [8]. 

In this study, we report the carbohydrate-binding proper- 
ties of die first lectin to be isolated from orchid leaves, as 
revealed by quantitative precipitation reactions with several 
microbial a-mannans and galactomannans, by hapten inhibi- 
tion studies, and by affinity chromatography on the inunobi- 
lized lectins. 



MATERIALS AND METHODS 

Puritlcation of LOA 

The LOA used in this study was purified from L. ovata 
leaves using a D-mannose column as reported previously [8]. 

Saccharides, polysaccharides and glycoproteins 

Most monosaccharides and their methyl glycosides used 
in this study are available commercially. The al-3-Iinked 
mannooligosaccharides and a low-molecular-mass al-3 -man- 
nan (D. P. 15) were prepared by mild acid hydrolysis of the 
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glucuronoxylomannan of Tremella fuciformis [9]. Some al- 
2-linked and al-6-lijaked mannooligosaccharides were the 
gifts of Dr T. Nakajima of Tohoku University, Japan. Glc(al- 
4) Man was available from previous studies. Man{al-3) 
Man-cf-O-Me was purchased from the Sigma Chemical Co. 
Man(ttl-3)Man(al-6) Man-a-O-Me was a gift from Dr G. 
Krepinsky, University of Toronto, Canada. 

a-Mannans of Saccharomyces cerevisiae (Oriental Bak- 
er's yeast), Candida tropicalis [10], Candida albicans^ As- 
pergillus fumigatus [11), Altemaria kikuchiana and Myco- 
bacterium tuberculosis [12], and galactomannans of Audio- 
basidium pullulans [13] were prepared as described pre- 
viously. Candida lyptica mannan (a gift of Dr Gorin), Eluci- 
one leucospila [1 4], and the arabinomannan of M, tuberculo- 
sis [12] were also available. The galactomannans of A. fumi- 
gatus and A. kikuchiana which contain galactofuranosyl side 
chains were treated with 0.1 M H2SO4 at 90^C for 1 h, and 
the resulting mannan preparations were used in precipitation 
studies. Dextran B-1355-S was a gift of Dn A. Jeane, Peoria, 
IL. Ovalbumin was purchased from Sigma Chemical Co, 
Lima bean lectin (LEA) and Phaseolus vulgaris lectin (PHA) 
were available in our laboratories. 



ffl-3-linked mannan and mannooligosaccharides 

Glucuronoxylomannan of T. fuciformis which contains an 
al-3-linked mannan backbone was oxidized with 50 mM 
NaI04 for 7-10 days at 4°C, followed by reduction with 
sodium borohydride. The resulting polysaccharide polyalco- 
hol was hydrolyzed with 0.4 M trifluoroacetic acid at 90 °C 
for 5 h and a series of al-3-linked mannooligosaccharides, 
including a linear al-3 mannan (D. P. 15), was purified by 
gel filtration on a column of BlO-gel P-2; the content of 1- 
3-mannosidic linkages was confirmed by methylation analy- 
sis. An o:l-3-mannopentaose was also subjected to periodate 
oxidation/reduction employing the same conditions, as de- 
scribed above. 



Precipitation and hapten inhibition assay 

Quantitative precipitation reactions were caried out by a 
microprecipitation technique [1]. LOA (20 ^g or 50 ng) was 
added to varying amounts of polysaccharides in a total vol- 
ume of 100, 150, 200 or 250 ^il. After incubation at 30^C for 
1 h the mixtures were kept at 4°C for 48 h and centrifuged,. 
and protein in the precipitates was determined by the method 
of Lowry [1 5] using bovine serum albumin as a standard. 

Sugar inhibition of the precipitation reactions was carried 
out by adding increasing amounts of sugar or derivative to 
precipitation systems containing LOA and C. tropicalis man- 



Immobilization of lectin and affinity chromatography 

An aliquot of purified LOA (10 mg) was immobilized by 
couphng with AF-Tresyl Toyopearl 650 (Toyosoda Co.)- The 
LOA conjugated Toyopearl contained approximately 1.5 mg 

protein/ml gel. 

Polysaccharides (250-1000 M-g) or glycoproteins (100 p.g 
carbohydrate) were applied to the LOA-Toyopearl column 
(1 cmXlO cm). The column was washed first with NaCl/P, 
(10 mM sodium phosphate, 0.15 M NaCl, pH 7,2) followed 
by elution with NaCl/Pi containing 0.5 mM methyl a-D-man- 
noside (Me a-D-Manp). The amount of carbohydrate present 
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Fig, 1. Quantitative precipitation curves of yeast mannans (A, 
B), galactomannans and arabinomannan (C) bv LOA. The 
amount of protein was 50 \xg <in 200 ^il in each tube). (A) Mannans 
of S. cerevisiae,{9); C. tropicalis, {0)% A. fumigatus, (A); dextran 
1355-S, (V). (B) Mannans of C. albicans, (V); A. kikuchiana, (•); 
M, tuberkuiosis Aoyama, (A); (C) Galactomannans of A. pullulans^ 
(O); C. lyptica, (V); E, leucospila, (•); and an arabinomannan, (A) 
were also examined. 



in each tube was determined by the phenol/sulfuric acid 
method [16]. 



RESULTS AND DISCUSSION 

Precipitation assay 

The precipitation curves of LOA with various polysac- 
charides are shown in Fig. 1. LOA interacted strongly with 
the highly branched a-mannans isolated from 5. cerevisiae 
and C. tropicalis [10] which contain side chains of a\-l- 
linked and al-3-linked D-mannosyl residues attached to a 
backbone of al-6-linked mannose residues. The lectin did 
not give a precipitation reaction with glycogen or dextran B- 
1355-S. The arabinomannan from Af. tuberculosis Aoyama 
B [12], and cell surface galactomannans from C. lyptica and 
E, leucospila [14] in which some residues in the ol-6-man- 
nose backbone, are substituted by a-o-galactofuranosyl and 
mannobiosyl or triosyl units gave approximately 25—50% 
the amoimt of protein precipitation as that with the S, cerevi- 
sae mannan. Tlie diJBFerences in these precipitation reactions 
may be attributed to the structures of the mannans, particu- 
larly the position of short side chains of al-3 or al-2-man- 
nose units, which may affect accessibility to the lectin. The 
essentially linear al-3 mannan (D. R 15) prepared from T. 
fuciformis glucuronoxylomannan [9] reacted strongly with 
LOA. This lectin also reacted with the linear al-3-manno- 
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Fig. 2. Quantitative precipitation curve of a linear al-B-mannan 
(D, P. 15) (O) and ocl-S-Man^ (•) by LOA. The protein concen- 
tration was 50 /{g/tube. 



Table 1. Inhibition by various sugars of LOA/C. tropicalis man- 
nan precipitation. 



Sugars 



Concentration for 50% 
inhibition 



D-Mannose 
D-Glucose 
D-Galactose 
PNP oc-D-Mannoside 
PNP y9-D-Mannoside 
Me a-D-Mannosidc 
Me ^-D-Mannoside 
Man (al-2) Man 
Man (al-2) Man (al-2) Man 
Man (a1 -3) Man 
Man (al-3) Man (al-3) Man 
Man (al-3) Man (al-3) Man (al-3) 
Man 

Man (al-3) Man (al-3) Man (al-3) 

Man (al-3) Man 
Periodate-oxidized, NaBHt-reduced 

al-3 [Manls 
Man (al-3) Man-a-O-Me 
Man («1 -6) Man 
Man (al-6) Man (al-6) Man 
Glc (al-4) Man 
Man al 



Man-a-O-Me 



mM 
440 

No inhibition at 2000 mM 
No inhibition at 2000 mM 
32% inhibition at 67 mM 
12% inhibition at 80 mM 

220 
1000 

125 

23% inhibition at 50 mM 
85 
21 

14 

12 

28 
17 
100 

29% inhibition at 50 mM 
14% inhibition at 50 mM 



30 



Manal 



heptasaccharide to give a precipitation reaction as shown in 
Fig. 2- These results suggest that LOA recognizes sequences 
of internal a-D-mannosyl residues, in addition to terminal 
a-mannosyl units. 

Inhibition of precipitation reaction by haptenic sugars 

The carbohydrate-binding specificity of LOA was studied 
by sugar hapten inhibition of the interaction of LOA with C. 
tropicalis mannan. It was confirmed that LOA is a niannose- 
specitic lectin and shown that neither D-glucose nor d- galac- 
tose inhibited the lectin/mannan reaction at a concentration 
of 2 M. Methyl a-D-mannopyranoside was twofold better an 
inhibitor than that of D-mannose {Table 1) whereas the 



Table 2. Inhibition by manno-oligosaccharides of four cc-mannos- 
yl-binding lectins. Data for LOA are based on inhibition of the 
LOA/C. tropicalis mannan precipitation system. Data for Galanthus 
nivalis (GNA) bulb lectin are taken from Shibuya et al. [1]. Data 
for Narcissus pseudonarcissus (NPA) and Hippeastrum kybn (HHA) 
bulb lectins are taken from Kaku et al. [3]. 



Sugar 



Relative inhibitory potency on 



D-Mannose 

Me a-D-Mannoside 

Man (al-2) Man 

Man (ttl-3) Man 

Man (al-3) Man-a-O-Me 

Man (al-2) Man-at-2 Man 

Man (al-3) Man (al-3) Man 

Man (al-6) Man (al-6) Man 

Man al 

\ 

6 

Man-a-O-Me 

3 

/ 

Manal 



LOA 


GNA 


NPA 


HHA 


1.0 


1.0 


1.0 


1.0 


2.0 


1.6 


1.2 


1.5 


3.5 


2.1 


3.3 


3.2 


5,2 


12.1 


2.8 


5.9 


25.9 


14.2 


3.1 


10.5 


> 8.8 


3.4 


1.7 


3.6 


21.0 








> 8.8 


5.7 


12,4 


20.0 


14.5 


28.3 


3.8 


13.8 



/?-anomer (methyl )5-D-mannopyranoside) was a poor inhibi- 
tor exhibiting only 25% the activity of the a-anomer. 

Among a series of a-Unked manno-oligosaccharides 
tested, it is apparent that the al-3-mamiopentasaccharide is 
the best inhibitor of the LOA/mannan interaction. As shown 
in Table 1 al-3-mannobiose had a significantly higher inhibi- 
tory activity than al-2 and al-6 mannobiose indicating that 
the al-3 linkage is most complementary to the sugar-binding 
sites of LOA. The al-3 mannobiose had an inhibitory activ- 
ity 2.5-times higher than that of the methyl a-D-mannoside. 
The mannotriose was 10-times, mannotetraose 15-times and 
mannopentaose 18-times more inhibitory than methyl a-D- 
mannoside. Man(al-3)Man-a-0-Me was also an excellent in- 
hibitor, better than Man(al-3)Man, and nearly equivalent to 
Man(al-3)Man(a1-3)Man, suggesting that the a-configura- 
tion of the reducing unit makes an important contribution to 
its binding activity. It is interesting to note that the inhibitory 
potency of the branched trisaccharide Manal -3(Man-a- 1-6)- 
Man-a-O-Me was approximately 50% that of Man(«l-3)- 
Man-a-O-Me suggesting it is the Man(al-3)Man residue 
which is recognized by the lectin. The fact that periodate- 
oxidized and NaBH4-reduced al -3-mannopentasaccharidc, in 
which both terminal mannosyl ends were modified, had the 
same activity as al-3-linked mannotriose (Table 1), strongly 
suggests that the combining site(s) of LOA appears to be 
most complementary to three consecutive mannosyl units 
linked al-3, even if both terminal mannosyl units are not 
involved. In similar fashion, LOA gave a strong precipitation 
with a linear al-3-mannan (D. P. 15) and the periodate-oxi- 
dized and reduced glucuronoxylomannan of T. Juciformis 
hich contains an (al-3)-mannan backbone. In Table 2, the 
mannosyl-binding specificity of LOA is compared with sev- 
eral other mannose-specific lectins. 

Binding characteristics of immobilized LOA 

The capability of a LOA affinity column to bind various 
polysaccharides and glycoproteins was also investigated. 
Yeast mannan bound strongly to the LOA column and was 
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Fig. 3. Elution profile of mannan and glycogen on a LO A-Toyo- 
pearl column (1 cmxl cm). Rabbit liver glycogen (1 mg) was ap- 
plied to the LOA-Toyopearl column; also shown, C. tropicalis man- 
nan (250 p.g) was applied lo the same colunm. The arrows indicate 
the addition of 0.5 mM methyl a-D-mannoside. Tlie methyl glyco- 
side in each fraction was removed by dialysis before assay for total 
carbohydrate. 
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Fig. 4. Elution profiles of yeast polysaccharides containing man- 
nan and glycog^ on LOA-ToyopearL Conditions were similar to 
those of Fig. 3. 



completely eluted with methyl a-D-mannoside, whereas gly- 
cogen readily passed through the column unretarded (Fig, 3). 
When the yeast mannan fraction prepared from S. cerevisiae 
cells, which is usually contaminated with glycogen, was ap- 
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Fig. 5. Elution profiles of some glycoproteins on a LOA-Toyo- 
pearl column. Various glycoproteins were applied to a Toyopearl 
column (1 cm X 1 cm), followed by elution with NaCl/P* and NaCl/ 
Pi containing 0.5 M Me-a-D-Man. 



plied to the LOA column, glycogen was resolved completely 
from the mannan, which was eluted subsequently with 
0.5 mM methyl a-D-mannoside, as shown in Fig. 4. Similar 
results were obtained in three experiments using yeast man- 
nan fractions containing varying proportions of glycogen or 
cell wall glucans (Fig. 4). This, represents a dramatic example 
of the utility of immobilized LOA for the separation of 
Gt-mannans from ff-glucans. 

In another experiment, some glycoproteins containing 
various high levels of a-mannosyl units in their carbohydirate 
chains were applied to the LOA-Toyopearl colunm and 
eluted with NaCl/Pi and NaCVPi containing 0.5 mM Me-a- 
D-Man/?. The results are shown in Fig. 5. Lima bean lectin 
which carries a terminal Man(al-3)Man unit on both carbo- 
hydrate chains [17] bound strongly lo this column and was 
eluted with Me-a-D-Man/? (NaCl/Pj) whereas the Phaseolus 
vulgarus lectin was resolved into two components signifying 
heterogeneity of the glycosyl moiety [18]. However, oval- 
bumin, which contains a large number and variety of high- 
mannose and hybrid-type glycosyl moieties, was not retained 
on the column as was the case with the immobilized-snow- 
drop-lectin column [1]. This may be due either to the pres- 
ences of a single carbohydrate chain, or the location of the 
(al-3)-raannosyl sequences on the molecule. 

We believe the orchid twayblade lectin should be of great 
utility for the separation of a-mannans from a-glucans, and 
for investigating the structure of complex carbohydrates, 
especially those carrying al-3-mannosidic linkages. 
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